In cultured vascular smooth muscle cells, angiotensin II 
. It has recently been demonstrated that MBP/MAP2 kinase also phosphorylates the products of the c-jun, c-fos, and c-myc proto-oncogenes. [30] [31] [32] Therefore, MBP/ MAP2 kinase is considered to play an important role in mediating signals from the growth factor receptors to the ribosomes and nucleus. It has also been demonstrated that protein kinase C-activating phorbol esters and synthetic diacylglycerol stimulate tyrosine phosphorylation and activity of MBP/MAP2 kinase in various cell types. 20, [33] [34] [35] it has not yet been clarified as to whether MBP/MAP2 kinase is involved in the signaling pathways of phospholipase C-linked hormones including Ang II.
In a preceding report, we have shown that Ang II induces tyrosine phosphorylation of several proteins in VSMCs. 36 Among them, two proteins have apparent molecular masses of 40 and 45 kd, which are similar to the molecular mass of MBP/MAP2 kinase. In the present study, we examined the ability of Ang II to activate MBP/MAP2 kinase in VSMCs and found that Ang II activates two species of MBP/MAP2 kinases mainly through the protein kinase C signaling pathway. We also provide evidence indicating that these two MBP/MAP2 kinases are identical with the 40-and 45-kd proteins that are tyrosine-phosphorylated during the action of Ang II in VSMCs.
Materials and Methods

Materials
Ang II, phorbol 12-myristate 13-acetate (PMA), phorbol 12,13-dibutyrate (PDBu), 4a-phorbol 12,13-didecanoate (4a-PDD), MBP, histone Hi, histone H2B, casein, protamine, Walsh peptide, staurosporine, and L-1-tosylamide 2-phenylethyl chloromethyl ketone (TPCK)-treated trypsin were purchased from Sigma Chemical Co., St 
Cell Cultures
VSMCs were isolated from rat thoracic aorta by enzymatic dissociation as described previously.41,42 Cells were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal calf serum, 2 mM L-glutamine, 100 units/ml penicillin, and 100 ,ug/ml streptomycin. They were passaged twice a week by harvesting with trypsin/EDTA and seeding at a 1: 4 ratio in 75-cm2 flasks. For experiments, cells between passage levels 9 and 18 were seeded into 100-mm dishes (2x104 cells/cm2), fed every other day, and used at confluence (4-6 days).
Preparation of Cell Extracts
VSMCs were cultured in serum-free DMEM for 48 hours and washed twice with serum-free DMEM containing 10 mM HEPES, pH 7.4. The cells were then stimulated with various stimuli in the same medium for the indicated periods of time. The reactions were terminated by chilling the dishes on ice and washing twice with ice-cold phosphate-buffered saline. All further steps were performed at 4°C. The cells were scraped from the dishes into a total volume of 0.5 ml per dish of ice-cold buffer A containing 20 mM Tris-Cl, pH 7.5, 2 mM EGTA, 1 
Purification of MBP Kinase
All chromatographic separations were carried out at 4°C. Cell extracts prepared from twenty 100-mm dishes of either vehicle-, Ang II-, or PMA-treated cells were applied to a DEAE-cellulose column (0.9 x 1.6 cm) preequilibrated with buffer A. The column was washed with 5 ml buffer A and eluted with a 30-ml linear gradient of 0-500 mM NaCl in the same buffer at a flow rate of 0.5 ml/min. Fractions of 1.2 ml each were collected. Fractions containing MBP kinase activity were collected, diluted with 3 vol buffer A, passed through a 0.22-/Lm Millex-GV filter, and applied to a Mono Q HR5/5 column preequilibrated with buffer A. After the column was washed with 10 ml buffer A, the elution was performed with a 60-ml linear gradient of 0-400 mM NaCl in the same buffer at a flow rate of 0.5 ml/min. Fractions of 0.625 ml each were collected into tubes containing 62 
Immunoblot Analysis With Anti-Phosphotyrosine Antibody
Immunoblot analysis with anti-phosphotyrosine antibody was performed as described previously.36 The cytosolic extracts or enzyme fractions were subjected to SDS-PAGE (8-16% gradient gel) using the buffer system of Laemmli.43 The separated proteins were electrophoretically transferred to nitrocellulose membranes as described by Towbin et al. 45 Nitrocellulose blots were soaked for 1 hour in 50 mM Tris-Cl, pH 7.5, 200 mM NaCl, and 5% BSA and then incubated with the mouse monoclonal anti-phosphotyrosine antibody in 50 mM Tris-Cl, pH 7.5, 150 mM NaCl, 0.05% Tween 20, 1% BSA, and 20% calf serum for 2 hours, followed by peroxidase-labeled goat anti-mouse IgM in the same buffer for 1 hour. Blots were extensively washed with 50 mM Tris-Cl, pH 7.5, 200 mM NaCl, and 0.05% Tween 20 after each incubation. Peroxidase-labeled proteins were visualized by incubation with peroxidase color development reagents containing the enzyme substrate 3,3 '-diaminobenzidine.
Phosphoamino Acid Analysis and Tryptic Phosphopeptide Mapping
VSMCs were labeled with 2 mCi carrier-free 732P]orthophosphate in 4 ml of 20 mM HEPES, pH 7.4, 130 mM NaCl, 5 mM KCl, 1 mM MgCl2, 1.5 mM CaCl2, and 10 mM glucose for 4 hours. Agonists were added to the buffer for the final labeling periods. Cell extracts were prepared as described above except that the cells were homogenized by several passages through a 1-ml syringe with a 26-gauge needle. 32P-labeled MBP kinases were isolated by column chromatographies based on the method of Hoshi et a146; this procedure was followed by two-dimensional gel electrophoresis. Briefly, the extracts were applied to a DEAE-cellulose column (0.48xl.1 cm) preequilibrated with buffer A. The column was washed with 0.8 ml buffer A containing 20 mM NaCl and eluted with 0.8 ml buffer A containing 250 mM NaCl. The eluates were then applied to a phenyl-Sepharose column (0.48x 1.1 cm) preequilibrated with buffer A containing 2 M NaCl. After the column was washed with 0.8 ml buffer A containing 20% ethylene glycol, the elution was performed with 0.8 ml buffer A containing 60% ethylene glycol. The eluates were then dialyzed against buffer A for 5 hours, lyophilized, and dissolved in 50 gl of 8 M urea, 2% Nonidet P-40, 2% ampholytes (one part at pH 3.5-10 and four parts at pH 6-8), and 5% 2-mercaptoethanol. The samples were subjected to two-dimensional gel electrophoresis by the method of O'Farrell47 with slight modifications using 2% ampholytes (one part at pH 3.5-10 and four parts at pH 6-8) in the first dimension and 12% polyacrylamide gel in the second dimension. For phosphoamino acid analysis, separated proteins were electrophoretically transferred to polyvinylidene difluoride membranes. 32P-labeled MBP kinases were visualized by immunoblotting with the mouse monoclonal anti-MAP2 kinase antibody by the same method as described for anti-phosphotyrosine immunoblot except that peroxidase-labeled goat anti-mouse IgG was used as a second antibody. The immunoreactive spots were excised and subjected to hydrolysis with 6N HCl for 3 hours at 110°C by the method of Hildebrandt and Fried48 followed by one-dimensional high voltage electrophoresis at pH 3.5.49 For tryptic phosphopeptide mapping, two-dimensional gel was dried and subjected to autoradiography. The radioactive spots corresponding to MBP kinases were excised from the gel. 32P- Figure 8 also shows that the mobilities on SDS-PAGE of the tyrosine-phosphorylated 40-and 45-kd proteins in the partially purified kinase preparations were identical with those of the 40-and 45-kd proteins, respectively, which were tyrosine-phosphorylated during the action of Ang II in VSMCs. Furthermore, the elution profiles of kinase 1 and kinase 2 were identical with those of the tyrosine-phosphorylated 40-and 45-kd proteins, respectively, on Mono Q and Superose 12 column chromatographies ( Figures 5B, 6B, and 6D ). These observations strongly suggest that kinase 1 and kinase 2 are identical with the 40-and 45-kd proteins, respectively, which are tyrosine-phosphorylated during the action of Ang II in VSMCs.
Phosphoamino Acid Analysis ofAng II-and PMA-Stimulated Kinase 1 and Kinase 2
To gain further evidence that kinase 1 and kinase 2 are tyrosine-phosphorylated and to examine whether serine/threonine residues are also phosphorylated during the action of Ang II, kinase 1 and kinase 2 were The separated proteins were transferred to nitrocellulose membranes and immunoblotted with the anti-phosphotyrosine antibody. Similar results were obtained in three independent experiments with separate cell preparations.
isolated from 32P-labeled VSMCs and subjected to phosphoamino acid analysis. Ang II and PMA increased phosphorylation levels of each kinase to a similar extent, as estimated by measuring the radioactivities of isolated kinase 1 (Figure 9 ). In addition, Ang II also increased serine and threonine phosphorylation of kinase 1 and kinase 2. Figure 9 also shows that PMA increased phosphorylation levels of kinase 1 
